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(54) A frequency multiplying circuit having a first stage with greater multiplying ratio than 
subsequent stages 



(57) A frequency multiplying circuit comprises a plu- 
rality of frequency multipliers (27. 28) in a series array. 
The multiplying ratio of the initial stage frequency multi- 
plier (27) is the greatest compared with the remaining 



frequency multiplier or multiptiers. Further, at least one 
of the frequency multipliers uses a voltage controlled 
delay circuit. 
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Description 

The present invention relates to a frequency multi- 
plying circuit having a greater multiplying ratio and, in 
particular, to a circuit having a multiplying ratio of a few 
thousands of times as great and ensuring less jitters 
and high stability. 

FIG. 1 1 shows a conventional frequency multiplying 
circuit using a phase locked loop (PLL) circuit. An oscil- 
lation signal Fout output from a voltage controlled oscil- 
lator (VCO) 3 is supplied to an input terminal of a 
frequency divider (DIV) 4. The frequency divider 4 gen- 
erates a divided signal Fout/N obtained by frequency- 
dividing the oscillation signal Fout by N. The divided sig- 
nal Fout/N is supplied to a first input terminal of a phase 
comparator (PHC) 1 . A reference signal Fref is supplied 
to a second input terminal of a phase comparator 1 . The 
phase comparator 1 produces an error signal Verr cor- 
responding to a phase difference between the divided 
signal Fout/N and the reference signal Fret The error 
signal Verr is supplied to an input terminal of a lowpass 
filter (LPF) 2. The lowpass filter 2 integrates the error 
signal Verr and supplies a corresponding DC level out- 
put signal Vcont to a control voltage input terminal of the 
VCO 3. 

The operation of the resultant circuit will now be 
explained below. 

If the frequency of the signal Fout/N is lower than 
that of the reference signal Fref. the phase comparator 

1 outputs a low level signal only during a time period in 
which the phase of the signal Fout/N is delayed behind 
the reference signal Fref. In the case where a lowpass 
filter 2 is comprised of an active filter to which a negative 
feedback is applied, the output level of the lowpass filter 

2 goes higher than its previous level and the VCO 3 
oscillates with a frequency higher than its previous fre- 
quency. If the frequency of a divided signal Fout/N of a 
resultant oscillation signal Fout is lower than that of the 
reference signal Fref, then the VCO 3 oscillates with a 
still higher frequency through the same process. If, on 
the other hand, the frequency of the signal Fout/N goes 
higher than that of the reference signal Fref, the phase 
comparator 1 outputs a high level signal only during a 
time period equal to a phase difference between the 
divided signal Font/N and the signal Fref. The corre- 
sponding high level pulse is integrated by the lowpass 
filter 2 and the output level of the lowpass filter 2 goes 
lower than its previous level. As a result, the VCO 3 
oscillates with a frequency lower than its previous oscil- 
lation frequency. In this way, comparison is made any 
plurality of times between the signal Fout/N and the ref- 
erence signal Fref and a loop operates ceaselessly 
without producing any phase difference. When the 
phase difference between the signal Fout/N and the ref- 
erence signal Fref becomes zero, then the output of the 
phase comparator 1 becomes a high impedance state 
and the output of the lowpass filter 2 maintains the 
same level as its previous level. As a result, the VCO 3 
oscillates with the same frequency as its previous oscil- 



lation frequency If such a stable state is reached, then 
the output frequency Fout of the PLL circuit is given by: 

Fout = Fref x N 

5 

where Fref denotes the reference frequency and N the 
dividing number of the frequency divider 4. 

Further, if use is made of a frequency divider 4 hav- 
ing a programmable counter, the dividing number N 
w becomes variable and it is possible to obtain any output 
frequency Fout with the frequency Fref as a unit. How- 
ever, the output of the phase comparator 1 is normally 
produced in synchronism with the rise or fall of the ref- 
erence frequency Fref. In consequence, when the muiti- 
15 plying ratio between the output frequency Fout and the 
reference frequency Fref becomes greater, a time inter- 
val from the outputting of the error signal from the phase 
comparator to that of the next error signal becomes 
longer from the standpoint of the output frequency Font. 
20 As a result, the PLL circuit is not adequately controlled 
and the stability of the output frequency Fout is lowered. 
The extent of stability is evaluated by the phase error 
showing a phase shift between the reference signal Fref 
and the output signal Fout as well as the jitters repre- 
25 senting a disturbance between the clocks of the output 
signal Font. If, normally, the output amplitude of the low- 
pass filter 2 becomes greater in the PLL circuit, the 
phase error becomes smaller but the jitters becomes 
prominent. On the other hand, if the output amplitude of 
30 the lowpass filter becomes smaller, the phase error 
becomes greater but the jitters become smaller. 

If the frequency of the reference signal Fref is con- 
stant, the greatest value of the multiplying ratio N of the 
PLL circuit is determined by the greatest oscillable fre- 
35 quency Fout of the VCO 3. In order to increase the mul- 
tiplying ratio N, it is necessary to increase the greatest 
value of the VCO's output frequency Font. This means 
increasing a conversion efficiency Kf ( = Fout/Vcont) of 
the VCO 3. If. however, the conversion efficiency Kf 
40 becomes greater, the output frequency Fout of the VCO 
3 varies greater when the control voltage Vcont varies 
due to, for example, noise. It has, therefore, been diffi- 
cult to accurately control the VCO 3. 

The ordinary VCO, even performing frequency con- 
45 trol, never controls the duty ratio of the clock waveform 
of the output signal Fout. In the case where it is neces- 
sary to ensure 50% as the duty ratio of the clock wave- 
form, a circuit as shown in FIG. 12 is used. Here, the 
same reference numerals are employed to designate 
so parts or elements corresponding to those shown above 
and any further explanation is, therefore, omitted. In 
FIG. 12, a VCO 3 oscillates with double the frequency 
required. The output terminal of the VCO 3 is connected 
to the input terminal of a divide-by-2 frequency divider 8 
55 and the output terminal of the frequency divider 8 is 
connected to the input terminal of a frequency divider 4. 
The output signal of the frequency divider 8 becomes a 
clock signal whose duty ratio is 50%. Since, in this case, 
the conversion efficiency Kf of the VCO 3 becomes still 
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greater, rt becomes difficult to control the VCO 3. 

Further, if the multiplying ratio N of the PLL circuit 
becomes greater, a reference frequency Fref of the PLL 
circuit, being compared with an output frequency Fout 
of the VCO 3, becomes a considerably low one. When 
the reference frequency Fref becomes a lower one. the 
control period of a phase comparator 1 for controlling 
the VCO 3 becomes longer, thus making it difficult to 
accurately control the VCO 3. 

In the case where the PLL circuit is built on an LSI 
chip, it is necessary to provide a margin two to three 
times the lock range required, taking that process varia- 
tion into consideration. It is, therefore, difficult, in prac- 
tice, to increase the stability of the PLL circuit by 
lowering the conversion coefficient of the VCO. 

Further, the multiplier suffers a greater influence 
from noise from other circuits on the chip, such as a dig- 
ital circuit system in particular to the PLL circuit. It is 
thus difficult to operate the PLL circuit stably. 

If, in this way, the multiplying ratio N of the PLL cir- 
cuit becomes greater, the stability of the oscillation fre- 
quency is lowered, resulting in a lowering in the phase 
error characteristic as well as in a jitter characteristic. 

It is accordingly the object of the present invention 
to provide a frequency multiplying circuit which can 
obtain a multiplying ratio of a few thousands of times as 
great and, even if increasing the multiplying ratio, can 
generate an output frequency of less jitters and high 
stability. 

The object of the present invention is achieved by 
the following arrangement. 

A frequency multiplying circuit of the present inven- 
tion comprises a plurality of series-connected frequency 
multipliers in which the multiplying ratio of the initial 
stage frequency multiplier is the greatest with respect to 
the remaining frequency multiplier or multipliers. 

This invention can be more fully understood from 
the following detailed description when taken in con- 
junction with the accompanying drawings, in which: 

FIG. 1 is a view showing a frequency multiplying cir- 
cuit according to a first embodiment of the present 
invention; 

FIG. 2 shows a frequency multiplier in the first 
embodiment of the present invention; 
FIG. 3 shows a timing chart of a frequency multi- 
plier in FIG. 2; 

FIG. 4 shows a voltage controlled delay circuit and 
its control circuit in the embodiment of the present 
invention; 

FIG. 5 is a view showing a circuit of a phase com- 
parator used in the embodiment of the present 
invention; 

FIG. 6 is a view showing the frequency multiplier 
used in the present invention; 
FIG. 7 shows a timing chart showing the frequency 
multiplier shown in FIG. 6; 

FIGS. 8A and 8B are practical forms according to 
the first embodiment of the present invention; 
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FIG. 9 shows a circuit arrangement showing a sec- 
ond embodiment of the present invention; 
FIGS. 10A and 10B show practical forms of a fre- 
quency multiplying circuit according to a third 
embodiment of the present invention; 
FIG. 11 is a block diagram showing a conventional 
PLL circuit; and 

FIG. 12 is a block diagram showing a conventional 
PLL circuit for obtaining an output signal of a 50% 
duty ratio. 



The embodiments of the present invention will be 
explained below with reference to the accompanying 
drawing. 

15 FIG. 1 shows a first embodiment of the present 
invention. A reference signal Fref is supplied to the input 
terminal of an N multiplying frequency multiplier 10. The 
frequency multiplier 10 generates an output signal N x 
Fref. The output signal of the frequency multiplier 10 is 

20 supplied to the input terminal of an M multiplying fre- 
quency multiplier 11. The frequency multiplier 11 out- 
puts an M x N x Fref signal Fout. 

In the present embodiment, at least one of these 
frequency multipliers is comprised of a frequency multi- 

25 plier as shown in FIG. 2 or FIG. 6. 

FIG. 2 shows a first practical form of a frequency 
multiplier for use in FIG. 1. FIG. 3 shows an operation 
timing of the frequency multiplier shown in FIG. 2. The 
multiplying ratio of the frequency multiplier shown in 

30 FIG. 2 is set to be, for example, 4. The frequency multi- 
plier comprises a voltage controlled delay circuit 12, 
phase comparator 14, lowpass filter 15, inverter 13 and 
synthesizing circuit 51 . 

A reference signal Fref is supplied to the input ter- 

35 minal of the voltage controlled delay circuit 12. The volt- 
age controlled delay circuit 12 outputs a delayed replica 
of the reference signal Fref corresponding to a control 
voltage Vcont. 

FIG. 4 shows one practical form of the voltage con- 

40 trolled delay circuit. 

The voltage controlled delay circuit is comprised of 
a control circuit 32 and cascade-connected delay cir- 
cuits 33-1 to 33-N. The control circuit 32 generates sig- 
nals VPC and VNC for controlling a delay amount of the 

45 delay circuits 33-1 to 33-N in accordance with a control 
voltage Vcont supplied from the lowpass circuit 15. 
Each of the delay circuits 33-1 to 33-N is comprised of 
an inverter 33a for controlling a delay time and an output 
buffer inverter 33b. In the inverter 33a, control signals 

so VPCand VNC from the control circuit 32 are supplied to 
the corresponding gates of control transistors MP1 and 
MN1, respectively. In accordance with the control sig- 
nals VPC and VNC, the control transistors MP1 and 
MN1 control the maximum values of electric currents 

55 therethrough. When the maximum value of the electric 
current is increased the delay time in the inverter 33a is 
decreased. When, on the other hand, the maximum 
value of the electric current there is decreased, the 
delay time in the inverter 33a is increased. Those delay 
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signals from the delay circuits 33-1 to 33-N are sup- 
plied, respectively, through the output buffer inverters 
33b to intermediate terminals T1 , T2. ... TN. Further, the 
delay signal from the respective inverter 33a is supplied 
to the input terminal of the inverter 33a constituting a 5 
sequential stage of the delay circuit. 

Since the multiplying ratio of the frequence multi- 
plier shown in FIG. 2 is set to be 4, the voltage control- 
led delay circuit 12 has intermediate terminals T1 to T4. 
Between the adjacent intermediate terminals are pro- 10 
vided an equal number of delay circuits. In conse- 
quence, the intermediate terminals T1 to T4 produce 
delay signals, that is. signals delayed behind the input 
signal of the voltage controlled delay circuit 1 2 in units of 
a time corresponding to 1/4 the delay amount between 15 
the output signal and the input signal of the voltage con- 
trolled delay circuit. 

As shown in FIG. 2. the output signal of the voltage 
controlled delay circuit is supplied to a first input termi- 
nal of the phase comparator 14. Further, the reference 20 
signal Fref is supplied through the inverter 1 3 to the sec- 
ond input terminal of the phase comparator 14. The 
phase comparator 14 detects the phase difference 
between the two to produce an error signal Verr corre- 
sponding to the phase difference. 25 

FIG. 5 shows a practical circuit of the phase compa- 
rator. As the phase comparator use is made of the 
known phase comparator. 

Further, the error signal Verr is supplied to the input 
terminal of the lowpass filter 15. The lowpass filter 15 30 
produces a signal Vcont. that is. a signal obtained by 
the integration of the error signal Verr. The signal Vcont 
is supplied to a control voltage input terminal of the volt- 
age controlled delay circuit 12. 

The synthesizing circuit 51 comprises exclusive 35 
NOR gates 16, 17 and NAND gate 18. The intermediate 
terminals T1 , T2 are connected to the first and second 
input terminals of the exclusive NOR gate 16 and an 
output terminal L1 of the exclusive NOR gate 16 is con- 
nected to the first input terminal of the NAND gate 18. 40 
The intermediate terminals T3 and T4 are connected to 
the first and second input terminals of the exclusive 
NOR gate 17. An output terminal L2 of the exclusive 
NOR gate 17 is connected to the second input terminal 
of the NAND gate 18. The output signal Fout of the 45 
NAND gate 18 becomes a 4 multiplied signal with 
respect to the reference signal Fref. 

Now the operation of the present circuit will be 
explained below. 

When the output signal of the voltage controlled so 
delay circuit 12 is delayed behind the phase of an 
inverted replica of the reference signal Fref, the phase 
comparator 14 outputs a high level pulse of a period cor- 
responding to the phase difference. Let it be assumed 
that the lowpass filter 1 5 is comprised of, for example, a 55 
capacitor C and resistor R. At this time, the level of an 
output voltage from the lowpass filter 15 goes higher 
than the previous voltage level. And the voltage control- 
led delay circuit 12 controlled by a voltage Vcont allows 



a delay amount to be decreased in that delay circuit. 
When, on the other hand, the output signal of the volt- 
age controlled delay circuit 1 2 has its phase go ahead of 
an inverted signal of the reference signal Fref, the phase 
comparator .14 outputs a low level pulse of a period cor- 
responding to the phase difference, so that the output 
voltage level of the lowpass filter 15 goes lower than its 
previous level and hence the voltage controlled delay 
circuit 12 increases a delay amount in the circuit. 

In this way, the loop compares the output signal of 
the voltage controlled delay circuit with the inverted rep- 
lica of the reference signal Fref, any number of times, in 
terms of their phases and so operate as to cancel their 
phase difference. When a phase coincidence is 
achieved finally between the two, the output of the 
phase comparator 14 is placed in a high impedance 
state. And the output voltage of the lowpass filter 15 
maintains its previous voltage level and the voltage con- 
trolled delay circuit 12 also maintains its previous delay 
amount. In this state, a delay amount from the input ter- 
minal to the output terminal of the voltage controlled 
delay circuit 12 coincides with one half the period of the 
reference signal Fref. 

Thus, the intermediate terminal T1 in the voltage 
controlled delay circuit 12 produces the reference signal 
Fref. the intermediate terminal T2 produces an output 
signal delayed behind the reference signal Fref in a time 
unit of 1/8 the period of the reference signal Fref, the 
intermediate terminal T3 produces an output signal 
delayed behind the reference signal Fref in a time unit of 
2/8 the period of the reference signal Fref and the inter- 
mediate terminal T4 produces an output signal delayed 
behind the reference signal Fref in a time unit of 3/8 the 
period of the reference signal. 

Wrth the use of signal outputs from the intermediate 
terminals T1 to T4. the synthesizing circuit 51 produces 
a 4 multiplied signal with respect to the reference signal 
Fref. 

In this way, an n number of intermediate signals are 
taken out of the N (or more)-stage voltage controlled 
delay circuit and, with a combination of N/2 exclusive 
OR circuits with a logic circuit for adding corresponding 
output signals, it is possible to construct an N multiply- 
ing logic circuit for producing an N multiplied signal with 
respect to the reference signal Fref. 

FIG. 6 shows a second practical form of the fre- 
quency multiplier used in the present invention. The 
multiplying ratio of the frequency circuit as shown in 
FIG. 6 is set to be, for example, 4. This frequency multi- 
plier comprises a voltage controlled delay circuit 19, 
phase comparator 20, lowpass filter 21 and synthesiz- 
ing circuit 52. 

A reference signal Fref is supplied to the input ter- 
minal of the voltage controlled delay circuit 1 9. The volt- 
age controlled delay circuit 19 produces an output 
signal delayed behind the input signal Fref in accord- 
ance with a control voltage Vcont. The voltage control- 
led delay circuit 19 is comprised of, as shown in FIG. 4 f 
a plurality of series-connected delay circuits having their 
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delay times controlled by the control voltage Vcont. Fur- 
ther, the voltage controlled delay circuit 19 has interme- 
diate terminals T1 to T8 producing a signal delayed 
behind its input signal in units of a time corresponding to 
1/8 the delay amount between an input signal and an $ 
output signal of the voltage controlled delay circuit. In 
the voltage controlled delay circuit 19, an equal stage 
number of delay circuits are provided between the adja- 
cent intermediate terminals. 

The output signal of the voltage controlled delay dr- w 
curt 1 9 is supplied to the first input terminal of the phase 
comparator 20. Further, the reference signal Fref is sup- 
plied to the second input terminal of the phase compa- 
rator 20. The phase comparator 20 detects the phase 
difference of the two input signals and outputs an error is 
signal Verr corresponding to the phase difference. FIG. 
5 shows a practical circuit of the phase comparator 20. 

The error signal Verr is supplied to the input termi- 
nal of the lowpass filter 21. The lowpass filter 21 pro- 
duces a signal Vcont corresponding to an integrated 20 
error signal Verr and the signal Vcont is supplied to a 
control voltage input terminal of the voltage controlled 
delay circuit 19. 

The synthesizing circuit 52 is comprised of RS flip- 
flops 22 to 25 and an NOR gate 26. The intermediate 25 
terminals T1 and T2 of the voltage controlled delay cir- 
cuit 19 are connected to an S input terminal and R input 
terminal of the RS flip-flop 22 comprised of, for example, 
two NOR gates, in the same way, the intermediate ter- 
minals T3, T4 T7, T8 are connected to the corre- 30 

sponding S and R input terminals of the RS flip-flops 23, 
.... 25. The Q output terminals L1 ... L4 of the RS flip- 
flops 22 to 25 are connected to the first to fourth input 
terminals of the NOR gate 26. The NOR gate 26 pro- 
vides an output signal Fout corresponding to 4 times the 35 
frequency of the reference signal Fref. 

In the circuit arrangement above, under negative 
feedback control by a loop including the voltage control- 
led delay circuit 1 9, phase comparator 20 and lowpass 
filter 21. a delay amount between the input signal and 40 
the output signal of the voltage controlled delay circuit 
19 finally becomes equal to one cycle of the reference 
signal Fref. In this state, it is possible to provide a 4 mul- 
tiplied signal Fout with respect to the frequency of the 
reference signal Fref. FIG. 7 shows a timing chart show- 45 
ing the operation of the frequency multiplying circuit. 

In this way, a 2N number of intermediate output sig- 
nals are taken out of the voltage controlled delay circuit 
comprised of 2N stage (or more) delay circuits to control 
an N number of RS flip-flop circuits and an N multiplying so 
logic circuit adds together the output signals of these 
RS flip-flop circuits, whereby an N frequency multiplier 
can be provided for poducing an N multiplied output sig- 
nal with respect to the frequency of the reference signal. 
Since, in the circuit arrangement above, a multiplied sig- 55 
nal is produced with only the rises of the output signals 
of the intermediate terminals T1 ... T8. it is possible to 
readily obtain a multiplied signal of a 50% duty cycle. 
The FIG. 1 embodiment using the frequency multi- 



plier including the voltage controlled delay circuit shown 
in FIGS. 2 and 6 will be explained below in conjunction 
with its advantages. 

First, in the ordinary VCO including a voltage con- 
trolled delay circuit connected in a ring-like fashion, the 
delay amount is so set as to have a total of delay 
amounts made one half cycle of a high-frequency out- 
put signal Fout. In contrast with the PLL circuit including 
the voltage controlled delay circuit as shown in FIGS. 2 
and 6, the delay amount may be so set as to have a total 
of delay amounts made one-half or one cycle the low- 
frequency reference signal Fref. 

Further, in the case of the VCO, in order to obtain a 
desired output frequency, it is necessary to secure a 
variation width of a given extent for the delay amount. In 
the case of the circuit arrangement shown in FIG. 2 or 
FIG. 6, on the other hand, it is only necessary to set the 
total of delay amounts to be one-half or one cycle of the 
reference frequency Fref and it is, therefore, only neces- 
sary to secure, for the delay amount, a variation width of 
an extent compensating for a process variation. 

In the PLL circuit comprised of a voltage controlled 
delay circuit, it is possible to narrow the variation width 
of the frequency varied by the control voltage. 

That the variation width of the frequency is smaller 
in the PLL circuit comprised of a voltage controlled 
delay circuit indicates that the variation coefficient of the 
delay amount per stage of the voltage controlled delay 
circuit, that is. the variation level of the delay amount 
with respect to a variation amount of the control voltage, 
is smaller in the voltage controlled delay circuit than the 
voltage controlled oscillator. If the variation coefficient of 
the delay amount is smaller, the variation of the output 
frequency is smaller even in the case where the control 
voltage varies due to the noise, etc., so that the stability 
of the output frequency is increased. 

Further, the voltage controlled delay circuit for con- 
trolling a low frequency signal can achieve readier con- 
trol than the voltage controlled oscillator for controlling a 
high frequency signal. In the case where the frequency 
multiplier is to be built on the chip of an LSI for instance, 
it is considered better to build it with the use of the volt- 
age controlled delay circuit whose output frequency has 
a high stability. 

According to the present invention, the frequency 
multiplying circuit is achieved by connecting a plurality 
of frequency multipliers in series array. If this is the 
case, then it is necessary to provide a 1000 stage or 
higher voltage controlled delay circuits and 500 exclu- 
sive NOR circuits when a frequency multiplying circuit of 
an about 1000 multiplying ratio is built with the use of 
one voltage controlled delay circuit. As a result, the size 
of the circuit becomes greater and a cost problem arises 
when it is built on the LSI chip. If, however, use is made 
of, as shown in FIG. 1, a plurality of frequency multipli- 
ers of a relatively low multiplying ratio including, for 
example, the voltage controlled delay circuit and cas- 
cade-connected together, it is possible to relatively 
readily provide a multiplied signal whose multiplying 
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^ ratio is a few thousands with respect to the reference 
frequency. 

FIGS. 3A and 3B show practical forms of the first 
embodiment which provide an output frequency whose 
multiplying ratio is 1000 with respect to the reference 5 
input frequency, the practical form of FIG. 8A showing a 
two stage frequency multiplying circuit and the practical 
form of FIG. 8B a three stage frequency multiplying cir- 
cuit. 

In the practical form as shown in FIG. 8A, a refer- w 
ence signal Fref is supplied to a 50 frequency multiplier 
27 of a 50 multiplying ratio and the output signal of the 
frequency multiplier 27 is supplied to the input terminal 
of a 20 frequency multiplier 28 of a 20 multiplying ratio. 
The frequency multiplier 28 provides an output signal 15 
Fout as a 1000 multiplying signal with respect to the ref- 
erence signal Fref. 

In the practical form as shown in FIG. 8B, the refer- 
ence signal Fref is supplied to the input terminal of a 25 
frequency multiplier 29 of a 25 multiplying ratio and the 20 
output signal of the frequency multiplier 29 is supplied to 
the input terminal of a 10 frequency multiplier 30 of a 10 
multiplying ratio and the output signal of the frequency 
multiplier 30 is supplied to the input terminal of a 4 fre- 
quency multiplier 31 of a 4 multiplying ratio. The fre- 25 
quency multiplier 31 provides an output signal Fout as a 
1000 multiplying signal with respect to the reference 
signal Fref. 

In these practical forms, the multiplying number of 
the initial stage frequency multiplier is made greater 30 
than that of the subsequent stage frequency multiplier, 
the reason of which is as will be set out below. 

First the initial stage frequency multiplier receives 
the input reference signal and, in view of the input refer- 
ence signal being lower in frequency, it is necessary 35 
that, in order to allow a delay amount which corre- 
sponds to one half or one cycle of the reference signal 
to be achieved with the voltage controlled delay circuit, 
the delay time per stage of the voltage controlled delay 
circuit be made greater. If this is the case, then the 40 
waveform inclination of a signal transmitted over the 
delay circuit becomes smaller and jitters are liable to be 
produced. Further, a shorter delay time at the first stage 
enables a waveform to be obtained with less distortion. 
The jitters performance of the first stage frequency mul- 45 
tiplier exerts a great influence over the performance of 
the final output frequency. It is, therefore, requested that 
the jitters performance of the initial stage frequency 
multiplier be enhanced by decreasing the delay time per 
stage of the voltage controlled delay circuit, that is, so 
increasing the multiplying ratio. 

Since, in the subsequent stage frequency multiplier, 
the frequency of the input signal is made lower than that 
of the reference signal Fref, the delay time per stage of 
the voltage controlled delay circuit can be made small 55 
compared with the initial stage frequency multiplier. It is, 
therefore, not positively necessary that the multiplying 
ratio be made large so as to secure the jitters perform- 
ance as in the case of the initial stage. 



It is preferred that the multiplying ratio of the initial 
stage frequency multiplier be made greater than that of 
the subsequent stage frequency multiplier. 

FIG. 9 shows a frequency multiplying circuit accord- 
ing to a second embodiment of the present invention. 
The frequency multiplier circuit comprises an initial 
stage N frequency multiplier 62 and subsequent M fre- 
quency multiplier 67. 

As the initial stage N frequency multiplier use is 
made of the frequency multiplier shown in FIG. 2 or FIG. 
6. The reference signal Fref is supplied to the input ter- 
minal of the frequency multiplier 62 and the frequency 
multiplier 62 produces an N multiplying signal N x Fref. 

The subsequent stage M frequency multiplier 67 
comprises a phase comparator 63, lowpass filter 64, 
VCO 65 and frequency divider 66. 

The frequency multiplier 62 supplies the N multiply- 
ing signal N x Fref to the first input terminal of the phase 
comparator 63 and the frequency divider 66 supplies a 
frequency divided signal Fout/M to the second input ter- 
minal of the phase comparator 63. The phase compara- 
tor 63 outputs an error signal Verr. 

The error signal Verr is supplied to the input termi- 
nal of the lowpass filter 64. The lowpass filter 64 outputs 
a control voltage Vcont. 

The control voltage Vcont is supplied to the input 
terminal of the VCO 65. The VCO 65 outputs a signal 
Fout in accordance with the control voltage Vcont. 

The signal Fout is supplied to the input terminal of 
the frequency divider 66 and the frequency divider 66 
outputs an M frequency divided signal Fout/M, noting 
that M represents a frequency division ratio of the fre- 
quency divider 66. 

The frequency of the signal Fout from the frequency 
multiplier 67 is N x M x Fref, noting that the frequency of 
the reference signal Fref is represented by Fref. 

Even in the frequency multiplier using the VCO, the 
oscillation signal Fout can be controlled stably and 
accurately in the case where the frequency of the refer- 
ence signal supplied to the frequency multiplier 67 is 
higher to some extent and frequency division ratio of the 
frequency divider 66 is relatively smaller. If, therefore, in 
the present embodiment, an acurate and stable circuit is 
used for the initial stage frequency multiplier and the 
subseqnent stage frequency multiplier supplied with a 
high frequency signal comprises the phase comparator, 
lowpass filter, VCO and frequency divider, it is possible 
to obtain an accurate and stable multiplied signal Fout. 

FIG. 10A shows a practical form of a frequency 
multiplying circuit according to a third embodiment of 
the present invention. 

This frequency multiplying circuit comprises an ini- 
tial stage frequency multiplier 73 and subsequent stage 
frequency multiplier 74. 

In the embodiment shown in FIG. 10A, the initial 
stage frequency multiplier 73 supplied with a reference 
signal Fref has the same circuit arrangement as the fre- 
quency multiplier shown in FIG. 6. That is. the fre- 
quency multiplier 73 comprises a voltage controlled 
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delay circuit 19, phase comparator 20, lowpass fitter 21 , 
and N multiplying logic circuit 52 composed of RS flip- 
flops and NOR circuit. The N multiplying logic circuit 52 
in the frequency multiplier 73 outputs an N multiplying 
signal N x Fref of the reference signal Fret. $ 

The second frequency multiplier 74 comprises a 
voltage controlled delay circuit 71 and M multiplying 
logic circuit 72. 

The voltage controlled delay circuit 71 is supplied, 
at its input terminal, with an N multiplying signal N x Fref io 
and connected, at its control voltage input terminal, to 
the output terminal of the lowpass filter 21 . The voltage 
controlled delay circuit 71 outputs an M number of delay 
signals delayed behind the input N multiplying signal N 
x Fref in units of a time corresponding to 1/M the delay is 
time of a delay circuit between those adjacent interme- 
diate terminals of tine voltage controlled delay circuit 19. 

The M number of delay signals from the voltage 
controlled delay circuit 71 are supplied to an M number 
of input terminals of an M multiplying logic circuit 72 and 20 
the M multiplying logic circuit 72 outputs an M multiply- 
ing signal based on the N multiplying signal N x Fref. 
The M multiplying logic circuit 72 comprises, as shown 
in FIG. 2 for instance, exclusive NOR gates and NAND 
gate. 25 

The circuit arrangement of the present embodiment 
control the second voltage controlled delay circuit 71 
with the use of a control voltage of the initial stage fre- 
quency multiplier. In order to secure the multiplying ratio 
M of the subsequent stage frequency multiplier, the 30 
delay amount per stage of the delay circuit of the subse- 
quent stage voltage controlled delay circuit 71, for 
example, is set to be 1/M the delay amount per stage of 
the delay circuit of the initial stage voltage controlled 
delay circuit 19. As a result, it is possible to reduce the 35 
circuit size and achieve a low manufacturing cost. 

In the embodiment shown in FIG. 10A, the initial 
stage frequency multiplier as shown in FIG. 1 0B may be 
made the same circuit as shown in FIG. 2. that is, as 
shown in FIG. 10B. The second frequency multiplier 40 
may be so formed as to comprise a voltage controlled 
delay circuit having a 2M number of intermediate termi- 
nals and 2M number of series-connected delay circuits 
having a delay amount corresponding to 1/M the delay 
amount per stage of the initial stage and an M frequency 45 
multiplying circuit comprised of, as shown in FIG. 6, an 
M number of RS flip-flops and an adder. Needless to 
say, a subsequent third frequency multiplier may be so 
formed as to have the same arrangement as that of the 
second frequency multiplier. so 

Claims 

1. A frequency multiplying circuit characterized by 
comprising a plurality of series-connected fre- 55 
quency multipliers (10, 11) characterized in that a 
multiplying ratio of the first stage frequency multi- 
plier is the greatest with respect to the remaining 
frequency multiplier or multipliers. 



The frequency multiplying circuit according to claim 
1 , characterized in that at least one of the plurality 
of frequency multipliers comprises: 

a voltage controlled delay circuit (12) receiving 
a reference signal at an input terminal and pro- 
ducing a delay signal from an output terminal 
and having an N number of intermediate termi- 
nals (T1 - T4) producing a signal delayed 
behind the reference signal in units of a time 
corresponding to 1/N the delay time between 
the reference signal and the delay signal; 
a phase comparator (14) supplied at a first 
input terminal with an inverted replica of the 
reference signal and at a second input terminal 
with the delay signal and producing an error 
signal corresponding to a phase difference 
between both the signals; 
a lowpass filter (15) supplied at an input termi- 
nal with the error signal and connected at an 
output terminal to a control voltage input termi- 
nal of the voltage controlled delay circuit (12); 
and 

an N multiplying logic circuit (51) connected at 
input terminals to the N number of intermediate 
terminals (T1 - T4) and producing an N multi- 
plied signal of the reference signal. 

The frequency multiplying circuit according to claim 
1 . characterized in that the initial stage frequency 
multiplier (62) comprises: 

a voltage controlled delay circuit (12) supplied 
at an input terminal with a reference signal 
(Fref) and producing a delay signal from an out- 
put terminal and having an N number of inter- 
mediate terminals (T1 - T4) producing a signal 
delayed behind the reference signal in units of 
a time corresponding to 1/N the delay time 
between the reference signal and the delay sig- 
nal; 

a phase comparator (14) supplied at a first 
input terminal with an inverted replica of the 
reference signal and at a second input terminal 
with the delay signal and producing an error 
signal corresponding to a phase difference 
between both the input signals; 
a lowpass filter (15) supplied at an input termi- 
nal with the error signal and connected at an 
output terminal to a control voltage input termi- 
nal of the voltage controlled delay circuit; and 
an N multiplying logic circuit (51) connected at 
input terminals to the N number of intermediate 
terminals (T1 - T4) and producing an N multi- 
plied signal of the reference signal, and 
at least one (67) of subsequent frequency mul- 
tiplier or multipliers comprises: 

a voltage controlled oscillator (65) produc- 
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ing an oscillation signal; 
a frequency divider (66) supplied at an 
input terminal with the oscillation signal 
and producing a frequency divided signal 
of the oscillation signal; 5 
a phase comparator (63) supplied at a first 
input terminal with the frequency divided 
signal and at a second input terminal with 
a reference signal and producing an error 5. 
signal corresponding to a phase difference w 
between both the input signals; and 
a lowpass filter (64) supplied at an input 
terminal with the error signal and con- 
nected at an output terminal to a control 
voltage input terminal of the voltage con- 15 
trolled oscillator. 

4. The frequency multiplying circuit according to claim 
1 characterized in that the initial stage frequency 
multiplier (73*) comprises: 20 

a voltage controlled delay circuit (12) supplied 
at an input terminal with a reference signal and 
producing a delay signal from an output termi- 
nal and having an N number of intermediate 25 
terminals producing a signal delayed behind 6. 
the reference signal in units of a time corre- 
sponding to 1/N the delay time between the ref- 
erence signal and the delay signal; 
a phase comparator (14) supplied at a first 30 
input terminal with an inverted replica of the 
reference signal and at a second input terminal 
with the delay signal and producing an error 
signal corresponding to a phase difference 
between both the supplied signals; 35 
a lowpass filter (1 5) supplied at an input termi- 
nal with the error signal and connected at an 
output terminal to a control voltage input termi- 
nal of the voltage controlled delay circuit; and 
an N multiplying logic circuit (51) connected at 40 
input terminals to the N number of intermediate 
terminals and producing an N multiplied signal 
of the reference signal, and 
the subsequent frequency multiplier or multipli- 
ers comprises: 45 

a voltage controlled delay circuit (71) sup- 
plied at an input terminal with a multiplied 
signal from the preceding stage frequency 
multiplier and connected at a control volt- so 
age input terminal to an output terminal of 
a lowpass filter (15) of the initial stage fre- 
quency multiplier and having intermediate 
terminals producing a signal delayed 7. 
behind the multiplied signal from the pre- ss 
ceding stage frequency multiplier in units 
of a time corresponding to 1/2M the cycle 
of the multiplied signal from the preceding 
stage frequency multiplier; and 



an M multiplying logic circuit (72) con- 
nected at an input terminal side to the 
intermediate terminals of a voltage control- 
led delay circuit and producing an M multi- 
. plied signal of the multiplied signal output 
from the preceding stage frequency multi- 
plier. 

The frequency multiplying circuit according to 
claims 2, 3 and 4, characterized in that the N multi- 
plying logic circuit (51) comprises: 

N/2 exclusive NOR circuits (16, 17) connected 
at a first input terminal to a corresponding one 
of the intermediate terminals and at a second 
input terminal to the adjacent intermediate ter- 
minal producing a signal is delayed behind the 
signal on said corresponding one of the inter- 
mediate terminals in a unit of a time corre- 
sponding to 1/N said delay time; and 
an N AND circuit (1 8) having N/2 input terminals 
connected to output terminals of the N/2 exclu- 
sive NOR circuits and producing the N multi- 
plied signal. 

The frequency multiplying circuit according to daim 
1 , characterized in that at least one of the subse- 
quent frequency multiplier or multipliers comprises 

a voltage controlled delay circuit (19) supplied 
at an input terminal with a reference signal and 
producing a delay signal from an output termi- 
nal and having a 2N number of intermediate 
terminals (T1 - T8) producing a signal delayed 
behind the reference signal in units of a time 
corresponding to 1/2N the delay time between 
the reference signal and the delay signal; 
a phase comparator (20) supplied at a first 
input terminal with the delay signal and at a 
second input terminal with the reference signal 
and producing an error signal corresponding to 
a phase difference between both the supplied 
signals; 

a lowpass filter (21) supplied at an input termi- 
nal with the error signal and connected at an 
output terminal to a control voltage input termi- 
nal of the voltage controlled delay circuit; and 
an N multiplying logic circuit (52) having a 2N 
number of intermediate terminals connected to 
2N input terminals and producing an N multi- 
plied signal of the reference signal with only a 
rise or fall of the input signals. 

The frequency multiplying circuit according to claim 
1, characterized in that the initial stage frequency 
multiplier comprises: 

a voltage controlled delay circuit (19) supplied 
at an input terminal with a reference signal 
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(Fref) and producing a delay signal from an out- 
put terminal and having a 2N number of inter- 
mediate terminals producing a signal delayed 
behind the reference signal in units of a time 
corresponding to 1/2N the delay time between 5 
the reference signal and the delay signal; 
a phase comparator (20) supplied at a first 
input terminal with a delay signal and at a sec- 
ond input terminal with a reference signal and 
producing an error signal corresponding to a 10 
phase difference between the supplied signals; 
a lowpass filter (21) supplied at an input termi- 
nal with the error signal and connected at an 
output terminal to a control voltage input termi- 
nal of the voltage controlled delay circuit; 75 
an N multiplying logic circuit (52) having 2N 
input terminals connected to the 2N number of 
intermediate terminals and producing an N 
multiplied signal of the reference signal with 
only a rise or fall of the input signals; 20 
and the subsequent frequency multiplier or 
multipliers comprise: 

a voltage controlled oscillator (65) for pro- 
ducing an oscillation signal; 25 
a frequency divider (66) supplied at an 
input terminal with the oscillation signal 
and producing a frequency divided signal 
of the oscillation signal; 

a phase comparator (63) supplied at a first 30 
input terminal with the frequency divided 
signal and at a second input terminal with 
a reference signal and producing an error 
signal corresponding to a phase difference 
between both the supplied signals; and 35 
a lowpass filter (64) supplied at an input 
terminal with the error signal and con- 
nected at an output terminal to a control 
voltage input terminal of the voltage con- 
trolled oscillator. 40 

The frequency multiplying circuit according to claim 
1 , characterized in that the initial stage frequency 
multiplying circuit (73) comprises: 

45 

a voltage controlled delay circuit (19) supplied 
at an input terminal with a reference signal and 
producing a delay signal from an output termi- 
nal and having a 2N number of intermediate 
terminals producing a signal delayed behind so 
the reference signal in units of a time corre- 
sponding to 1/2N the delay time between the 
reference signal and the delay signal; 
a phase comparator (20) supplied at a first 
input terminal with the delay signal and at a 55 
second input terminal with the reference signal 
and producing an error signal corresponding to 
a phase difference between both the supplied 
signals; 



a lowpass fHter (21) supplied at an input termi- 
nal with the error signal and connected at an 
output terminal to a control voltage input termi- 
nal of the voltage controlled delay circuit; and 
-an N multiplying logic circuit (52) having a 2N 
number of input terminals connected to the 2N 
intermediate terminals and producing an N 
multiplied signal with only a rise or fail of the 
input signals, and 

the subsequent stage frequency multiplier or 
multipliers comprise: 

a voltage controlled delay circuit (71) sup- 
plied at an input terminal with the multi- 
plied signal from the preceding stage 
frequency multiplier and connected at a 
control voltage input terminal to an output 
terminal of the lowpass filter (21) in the ini- 
tial stage frequency multiplier and having 
intermediate terminals producing a signal 
delayed behind the preceding stage multi- 
plied signal in units of a time correspond- 
ing to 1/2M the cycle of the preceding 
stage multiplied signal; and 
an M multiplying logic circuit (72) con- 
nected at an input terminals to the interme- 
diate terminals of the voltage controlled 
delay circuit and producing an M multiplied 
signal of the preceding stage multiplied 
signal. 

The frequency multiplying circuit according to claim 
6, 7 and 8 characterized in that the N multiplying 
logic circuit comprises: 

an N number of RS flip-flop circuits (22 to 25) 
connected at a first input terminal to a corre- 
sponding one of the intermediate terminals (T1 
- T8) and at a second input terminal to the adja- 
cent intermediate terminal producing a signal 
delayed behind the signal on the first input ter- 
minal in a unit of time corresponding to 1/2N 
said delay time; and 

a NOR circuit (26) connected at N input termi- 
nals to output terminals of the N number of RS 
flip-flop circuits (22 to 25) and producing the N 
multiplied signal. 
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